[Abstract] The early embryo of Drosophila melanogaster exists as a rapidly dividing syncytium of nuclei that are transcriptionally silent. Maternally deposited factors are required to awaken the genome and assist in the transition from maternal to zygotic control of development. Because many of these essential factors are maternally deposited and the early nuclear divisions are so rapid, it has been difficult to assess the functional role of transcription factors at discrete points in early embryonic development. To address this issue, we have developed an optogenetic system that can rapidly and reversibly inactivate transcription factors with nuclear-cycle resolution. The temporal precision enabled by this technique will allow a mechanistic understanding of how transcription factors function together to control genome activation and patterning in the early embryo and is likely broadly applicable to factors throughout embryogenesis.
Optogenetic protocols require the addition of a photo-responsive protein tag to the protein of interest, either at the endogenous locus or via a transgene. We note that both published examples of optogenetic transcription-factor inactivation in Drosophila have used an N-terminal tag, though it remains unclear if tagging at the N-terminus is required for inactivation (Huang et al., 2017; McDaniel et al., 2019) . Using Cas9-mediated genome engineering, we endogenously tagged the N-terminus of Zld with the blue-light responsive CRY2 tag (McDaniel et al., 2019) . CRY2, originally characterized in Arabidopsis, is traditionally part of a two-component system, where CRY2 dimerizes with CIB1 upon exposure to blue light (Liu et al., 2008) . Both components are available for use in Drosophila (Guglielmi et al., 2015) .
However, CRY2 alone has been demonstrated to be sufficient to inactivate transcription factors, albeit through different mechanisms; CRY2-tagged Bicoid remains on chromatin upon blue-light exposure, while CRY2-tagged Zelda dissociates from chromatin (Huang et al., 2017; McDaniel et al., 2019) . The mechanism of inactivation is likely a conformational change upon blue-light exposure that disrupts the ability of the transcription factor to activate transcription. One benefit of the CRY2 system is its rapidity of inactivation; upon blue-light exposure, the CRY2-tagged protein is inactivated within seconds and, when the light is removed, refolds in ~5 min (Huang et al., 2017 ).
While we utilized the one component CRY2 system for our experiments, this system depends on conformational changes that may be protein specific. Thus, inactivation must be confirmed experimentally. If the single-component system fails to inactivate protein function, the two-component system is available for long-term protein inactivation via cell-membrane sequestration (Guglielmi et al., 2015) . In the two-component system, CRY2 will dimerize with CIB1 within seconds, but takes over an hour to dissociate once the light is removed. In Drosophila, a cell membrane localized, GFP-tagged CIB1 has been developed and could be used to sequester a target protein away from chromatin using blue-light exposure when the nuclear envelope breaks down during mitosis (Guglielmi et al., 2015) . This would have a similar sequestration-mediated effect as the recently described Jabba-trap system (Seller et al., 2019) . Thus, depending on experimental needs, either the one or two-component system can be used.
Here, we will describe, in detail, how to use this versatile one-component system to reversibly inactivate a protein of choice with precise temporal resolution in the early embryo of Drosophila and harvest single embryos for downstream RNA-seq.
Materials and Reagents
Note: Unless otherwise stated, materials/reagents are stored at room temperature. by BestGene Inc. Edited alleles were selected using 3xP3 dsRED, and this cassette was subsequently removed. For details on the Cas9-mediated genome editing techniques used see (Hamm et al., 2017) . The RFP-tagged histone was used to visualize nuclear density during each www.bio-protocol.org/e3296
Bio-protocol 9(13): e3296. DOI:10.21769/BioProtoc.3296 Table 1 . Staging Drosophila embryos by nuclear density. The length and nuclear density/2,500 μm 2 for each NC between NC10 and NC14. 5. Poke the embryo once or twice with a 27-gauge needle. This is best performed under a microscope to visually ensure that the embryo and/or Trizol is not drawn up into the needle. 11. Add 1 ml of 75% ethanol to each tube and invert the samples to mix.
Note: Be very careful here to orient the needle such that the embryo and/or Trizol does not get drawn up into the needle via capillary action (Figure 3, Video 2). Also be careful not to pierce through the parafilm. Any loss of Trizol at this step will reduce the complexity of the sequencing library downstream.
12. Centrifuge the samples at 12,000 x g at 4 °C for 5 min.
13. Carefully remove the supernatant and wash again with 1 ml of 75% ethanol.
14. Centrifuge the samples at 12,000 x g at 4 °C for 5 min. f. Mix well and pour into plates
